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[571 ABSTRACT
A microwave refractometer is disclosed which pro-

duces an output signal which varies as a linear func-
tion of the index of refraction of a microwave reso-
nant sampling cavity. A voltage controlled oscillator
having a variable oscillation frequency is electrically
coupled to sampling cavity having a variable reso-
nance frequency which is an inverse function of the
index of refraction of the cavity. The resonant micro-
wave electromagnetic signal present in the cavity is
electrically coupled to a means which varies the oscil-
lation frequency of the voltage controlled oscillator as
a function of the resonant frequency and index of re-
fraction of the sampling cavity. Means electrically
coupled to an output signal of the voltage controlled
oscillator produce an output signal which varies as a
linear function of the index of refraction of the sam-
pling cavity. In the preferred embodiment, this means
comprises a crystal oscillator having a stable oscilla-
tion frequency and a circuit electrically coupled be-
tween the output of the voltage controlled oscillator
and the crystal oscillator for gating and counting the
number of cycles of the crystal oscillator which occur
during a time interval which is a linear function of the
index of refraction of the sampling cavity.

7 Claims, 1 Drawing Figure
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DIRECT READING MICROWAVE B
REFRACTOMETER: P

BACKGROUND OF THE. ‘l,N,_\'(ENT_,I,QN,H

L. Field of the :Invention: :u- o7t i

- The present invention: relates <to smicrowave: refrac-
tometers of the type which produce:an output:signal
which isa linear function of the: indexrof refraction of
a microwave resonant sampling cavity:.

Microwave: refractometers have been: used .exten-

sively in atmospheric research;where:it: wasinscessary
to map preciscly where variation in the.index of refrac-
tion occurred in different. levels: of : the: atmosphere.
These devices use a resonant microwave sampling cav-

ity which -may be filled with gaseous mixtures identical 1

to those found in different layers of 'the atmosphere in
which it is desired to map the index of refraction. As is
well known, the resonant frequency-of the: chamber:va-
ries as an inverse function of index of refraction:of the
cavity. Accordingly, microwave- refractometers- mea-
surc indirectly the change in the index of refraction of
the resonant microwave:sampling cavity by measuring
directly the change in-the-resgnant. frequency of the
cavity. S e

2. Description of the Prior Art it

An article entitled *‘Direct-Reading Mrcrowave Re-
fractometer With Quartz-Crystal Reference,”’ authored
by M. J. Vetter and Moody C. Thempson, Jr. and pub-
lished in the IEEE Transactions on Instrumentation and
Measurement, Vol. IM 20, No. 1, Eebruary; 1971, de-
scribes a microwave refractometer in which the center
frcquency of a voltage controlled oscillator tracks
changes in the resonant frequency of the microwave
resonant sampling cavity.-Changes in the resonant fre-
quency of the cavity are translated for direct reading by
heterodyning the voltage controlled oscillator signal
with the signal from a stable frequency crystal oscilla-
tor. A difference frequency is measured by a. conven-
tional frequency counter. However, this apparatus dif-
fers substantially from the present invention in that the
output signal of the present invention is a linear func-
tion of the index of refraction of the sampling cavity
while the output signal of the apparatus described in
the aforementioned publication varies. as . an inverse
function of the index of refraction.of the sampling cav-
ity.

SUMMARY OF THE lNVENTION

The disadvantages and limitations of the prlor art are

solved by the present invention which comprises a di-
rect reading microwave refractometer of the type
which produces an output signal which varies as a lin-
ear function of the index of refraction of a microwave
resonant sampling cavity. In a preferred embodiment,
a voltage controlled oscillator is coupled to a frequency
multiplier which drives a resonant microwave sampling
cavity. A waveguide crystal diode detector, which is
electrically coupled to a phase sensitive amplifier,
translates changes in the resonant frequency of the
sampling cavity into a control voltage which causes the
oscillation frequency of the voltage controlled oscilla-
tor to track the changes in the resonant frequency of
the sampling cavity.

The output signal of this embodiment is provided by
counting the number of cycles of a stable frequency
crystal oscillator which occur during a time interval
which is a linear function of the index of refraction of
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2

the: sampling-cavity. A gating:and: coutiigieircuit,

:which is‘electrically coupled to-the output’sighal of the

stable: frequencycrystal -oscillator; is: activated during
one'cycle of anoutput signal produceéd by-a fréqieney
divider-which is electrically coupled:td the outpﬂt rof
the voltage controlled oscillator. ot /

--An important:-advantage of- using’ the frequency' dr-
vider toactivate the gating and counting circuit is: that
the- gating--and counting circuit and -the stable fre-
quency-erystal oscillator may be remotely locateéd from
the “microwave frequency range componénts:-while
electronically-coupled thereto by a section of transmis-
sion line.

THEORETICAL DISCUSSION OETHE INVENTION

Given the following relationships which-mathemati-
cally describe the operation of the present invention:

1. Count of the gating and counting circuit = gate
time of the gating and’counting circuit X crystal oscilla-
:tor frequency )

2. Gate time = plf where p is the division ratio of the
frequency lelder and fis the resonant frequency of the
voltagé controlled oscillator;

' 3 £ (the resonant frequency of the sampling cavtty)
= mfwhere m is the integer multiplication factor of the
miltiplier circuit; and

4. fs=k/n where k is a constant and n is the mdex of
refractlon of the Tesonant cavity.

It follows that:

5. 'Gite time'="mpn/k and

6. Count = (mpn/k) f..

In summary ‘from inspection of relatlonshlp (6) it is
readily seen that the count of the gatmg dnd counting
cu‘curt wh'fh is complled during one cycle of the out-
“pr ed by the leldmg circuit, lS a linear

i€ index of refraction of the riicrowave
resonant sampling cavity.

BRIEF.DESCRIPTION OF THE DRAWING
FIG. 1is asystem schematic'o'f the presént invéntion.
DETAILED DESCRIPTION OF THE INVENTION:

At the outset before referring in detail to FIG. 1, it
is to.be understood that the individual circuits deplcted
therein as labeled geometric figures are well known to
those skllled in the art and therefore their individual
design and construction per se form no part of the pres-
ent invention.

Referring to FIG. 1, a microwave refractometer 10
constructed according to. the present mventlon has a
voltage controlied oscillator 12 which is electrically
coupled to sampling cavity 16 by means of frequency
multiplier 14. The frequency multiplier 14 functions to
multiply the variable oscillation frequency of oscillator
12 by an integer multiple to a microwave frequency
which will sustain standing wave resonance within sam-
pling cavity 16. The output signal from sampling cavity
16 is electrically coupled to a means 18 for varying the
oscillation frequency of oscillator 12 as a function of
the resonance frequency and thus the index of refrac-
tion of sampling cavity 16. The means 18 comprises a
waveguide crystal diode detector 20 which is coupled
to a phase sensitive amplifier 22. An output of oscilla-
tor 12 is coupled to a means 24 for producing an output
signal which varies as a linear function of the index of
refraction of sampling cavity 16. Means 24 comprises
a stable frequency crystal oscillator 26 which is electri-
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cally coupled to a gating.and counting circuit.28. Fre-
quency divider 30 is disposed between oscillator 12'and
means 24. The function of divider 30 is to divide the
frequency of oscillator 12 by an integer to produce a
signal which activates, the gating and counting func-
tions of circuit 28.

The activation occurs for a time: equal to one cycle
of the output signal of divider. 30. During the activation
period of gating and counting circuit 28, the number of
signal cycles of crystal oscillator 26 are counted by gat-
ing and. counting circuit 28 to compile a count having
a magnitude which is a linear function of the index of
refraction of sampling cavity 16.

An advantage of using frequency divider 30 is that
the output signal may be coupled to gating-and-count-
ing circuit 28 by means of a section of transmission line
32, Accordingly, circuit 24 may be located remotely
from the remaining microwave frequency range com-
ponents of the present invention.

While the present invention has been descnbed in
terms of a preferred embodiment, it is to be understood
that numerous. modifications may be made within the
scope of the appended claims without departing from
the spirit and scope of the invention. Accordingly, the
appended claims are intended to cover the full range of
equivalents of the present invention.

[ claim as my Invention:

1. In a microwave refractometer of the type which
produces an output signal which is a function of the
index of refraction of a sampling cavity, the combina-
tion comprising:

a. a first reference oscillator havmg a variable oscnlla-

tion frequency;

b. a sampling cavity electrically coupled to an output
of said first reference oscillator, said sampling cav-
ity having a variable resonant frequency which is
an inverse function of the index of refraction of
said sampling cavity; R '

c. means electrically coupled between said sampling
cavity and said first reference oscillator for varying
the oscillation frequency of ‘said first reference os-
cillator as a function of the resonant frequency and
thus the index of refraction of said sampling cavity;
and

d. means electrically coupled to an output of said first
reference oscillator for producing an output signal
which varies as a linear function of the index of re-
fraction of said sampling cavity.

2. In a microwave refractometer as recited in claim

1 wherein said means electrically coupled to an output
of said reference oscillator for producmg an output sig-
hal which varies as a linear function of the index of re-
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fraction comprises: :
a. a second reference oscillator producing an output
signal having a stable oscillation frequency; and

b. means electrically coupled to an output of said sec-
5 ond reference oscillator for gating and counting the

number of-cycles of said second stable reference

oscillator occurring during a time interval which is

a linear function of the index of refraction of said

sampling cavity.

3. In a microwave refractometer of the type recited
in claim 2 further comprising:

a. a frequency divider electrically coupled between
the output of said first reference oscillator and said
means for gating and counting for producing a sig-
nal which activates said means for gating and
counting for the time interval which is equal to one
cycle of the signal produced by said divider.

4. In a-microwave refractometer of the type recited
in-claim 3 wherein said means electrically coupled be-
20 tween said sampling cavity and said first reference os-
cillator comprises:

a. crystal waveguide diode detector electrically cou-
pled to said sampling cavity for rectifying the reso-
nant electromagnetic signal present in said sam-
pling cavity; and

b. a phase sensitive amplifier electrically coupled to
an output of said crystal waveguide diode detector
for producing an output voltage which varies as a
function of the resonance frequency and index of
refraction of said sample cavity, said output voltage
being electrically ‘coupled to said first reference os-
cillator for varying the oscillation frequency
thereof.

5. In a microwave refractometer of the type recited

in claim 4 further comprising:

a. a frequency multiplier electrically coupled be-
‘tween' said first reference oscillator and said sam-
pling cavity, said frequency multiplier producing
an output microwave signal which is an integer
multiple of the oscillation frequency of said first
reference oscillator.

6. In a microwave refractometer of the type recited

in claim 3 wherein

a. said frequency divider is located remotely from
said means for gating and counting.

7. In. a microwave refractometer of the type recited

in claim 6 further comprising:

a. a transmission line electrically coupling the output
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